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TITTLE: 


Fault Current Limiting Circuit 
5 FIELD OF THE INVENTION: 

The present invention relates to a tault current limiting circuit, and more particularly 
to a circuit for limitiiig fault current in a polyphase electric circuit. 

10 BACKGROUND OF THE INVENTION: 

lu modem electric power gencmion and distribution systems, polyphase alternating 
current is typically generated and distributed. A number of AC sources producing equal 
voltages at the sanac frequencies, at fixed but different phasa; angles provide the power. In 
15 an n-phase system, n voltag|e sources are connected together. Each voltage source prodw^s 
a sinusoidally varying voltage of a fixed magnitude. The phase angle associated with each 
generated voltage varies firom the phase angle associated with the voltage firom another 
source by 23r/n radians. Current generated by each source may be provided to a single phase 
load, or to one phase of a polyphase load such as a polyphase motor or transformer. 

20 

Conveniently, the n voltage sources may be interconnected to each other at a common 
point. Modem power distribution systems are typically three phased. In a duee-phase 
system, voltage sources and sinks cc^mected at a conunon point sue said to be connected in a 
"wyo-configuration" or "star configuration". Alternatively, in a three-phased drcoit. Hie 
25 voltage sources or sinks may be cmu^ctjed in "delta configuration*. 

While it is possible to intercotmect multiple sources in a poly-phase system m a 
number of ways, die wyc-coniiguiation is generally desirable in three-phase systems. 
Specifically, for safely and other reasons. It is desirable to electrically connect the polyphase 
30 system to gtound. Wye-connected sowcc, provide a logical connection point for gtoimd. 


i 


natxiely the common (neutral) point of the n voltage sources. 


Loads connected to an n-phase system Tuay be diosen such that the net sum of the 
currents drawn from all sources or "phases" at any timc> equals zero. For example, if 
5 currents drawn from each voltage source in an n-phase system are equal m magnitude, and 
displaced in phase by 27r/n radians, the phasor sum of the currents drawn from all sources is 
zero. In the above described wye-configuration, if the net sum of all currents drawn from 
the phases is zero, the polyphase circuit is said to be "balanced"* Of course, if in ani 
otherwise balanced system fjie current drawn from any of the sources varies, the ^YS^^ 
10 no longer be balanced. Modern poly phase generation and distribution systems are di^igned 
and maintained in order to maintain a near balanced system. 

In operation, however, a polyphase system is rarely perfectly balanced* Whilef the 
loads may be chosen to balance the system, the demands on each phase often vary 

15 unpredictably with time. Each load may be subject to overvoltage, produced by surges 

impressed on the distribution system by way of lightning, switching, or the like. Similarly, a 
load may be prone to operate in resonance, thereby producing an overvoltage. Additionally, 
harmonics of the base operatmg frequency of the voltage sources may be pres^ in the 
system. These harmonics may, for example, result from loads having noti-linear 

20 voltege/current relationships, such as certain filters or rectifiers. Certain harmonics, such as 
the third harmonic of three voltage sources deUvmog current at a fixed (fiindamental) 
frequency and displaced in phase by 2^-/3 radians, are no longer out of phase. For, ebmple 
in a three-phase ^stera, generated curreirts are 2^/3 radians out of phase; third harmc nics of 
these currents will have phase differences of 3*25r/3 1= 2r 0 radians. Hiese harmcnics 

23 are cmisequently phase harmoDics; 6th, 9di, 12tii and IStli haitnoiucs will simflai iy be 
zero phase harmonics in a Oitee phased system. As cuireiits attnbutabie to llieir han$»iics 
ane in phase» their phasor sum will not equal zero. 

llie difficulties associated witb tbs overvoltage of loads and jjon phase Iiarmoiics 
30 may be limited by dkectly groimding ihe common point of the wyoKJonnected three phase 


circuit. Thus, in balanced operation, no current wiU flow from this common point to 
ground, as this common point remains at or near zero potential in view of the balanced 
loads. In the event of an overvoltage, the potential difference between Oris grounded 
common point and an affected load will be limited to the overvoltage of that load. No oilier 
phase of the n-phased load or single phase load will be affected by overvoltage in one of the 
loads. 


On the other hand, in a situation where one of the loads suffers a feult, caused by, for 
example, machine failuce, an excess amount of current is drawn by a single phase of the 
circuit. This ex^cess ciuxent drawn may impact on the current provided to loads by the 
remaining phases in the circuit. If the common pomt of the cuBuit is connected to ground, 
much of the fault current wUl flow from or to this ground connection. Similarly, currents 
attributable to zero phase harmonics will similarly flow from or to this ground connection. 
However, if the common point of the circuit is dkectly grounded, as described above, the 
amount of fault current flowmg from ground through the common point to the load is not 
limited. 

One suggested compromise to grounding the common pomt of the polyphase circuit 
has been to connect this common point to ground flirough an electrical impedance. Thus hi 
the event of failure, the current drawn through the common pomt wiU be limited by the 
hi^edance. The unpedance may take the form of an mduclive, reactive or itsistive load. 
The insertion of such an unpedance may however create other problems, as for example 
described m U.S. patent no. 1.378,577. If flie hnpedance is reactive it may hiterfere with 
the proper fTuncdonmg of electrical eqaqmentcomioct^l to the If the 

nnp^ance is purely resistive, resistive losses wiU occw aiqr tune the polyphase circuit m iK»t 
p^fccUy balanced. As balancmg of a polyphase circuit fe typlcaUy imperfect, the use of a 
resistive connection between the common pomt and ground may be the source of significant 
losses over time. 


The present invention aUempts to overcome some of flie disadvantages of known 


circuits used to limit ftiult current in a polyphase circuit. 

SUMMARY OF THE INVENTION: 

5 In accordance with aa aspect of the inventioii there is provided, a fault-current- 

limitiog circuit to be used in combination with a poly-phase ckcuit, the poly-phase circuit 
comprising: a plurality of inductive windings; each of the wmdings having a first terminal 
connected to a common point; at least one of the windings Imvmg a second leraimal 
connected to an electrical load; (he fanlt-current-luniting circuit conq)rising: a first electrical 
10 path between the common point and ground conpSsing: a current-limiting device having a 
first smte whereat current passes fhrou]^ the device; and a second state whereat current 
substantially does not pass through the device and wherein flie device switches from the first 
y stoLte to the second state whea current through the device ejcceedte a pre-detcimmed 

15 maximum; a second electrical path between common point aiKi ground having an 

III 15 electrical resistance significantly greater than a resistance of the first path when the device is 
in the first state. 

13 In accordance with another aspect of the inv^ation there is provided, a faolt-cun^ot- 

fl limiting circuit to be used in combination with a poly-^ase circuit, the poly-phase cttcuit 
l^gM comprising: a plurality of inductive wmdings; eadi of the windings having a first terminal 
^4 connected to a common pouit; at least one of the windings having a second tenninal 

connected to an electrical load; the fault-ciirtent-limiting circuit comprising: first electrical 
connection means betwe^ the common iK>int aod the groumi pohit; the first electrical 
connection means comprising an actuatable cniient4miiting means havhig a first and second 
25 state wherein ciunrent passes through the euitent limiting means in the first state and wherein 
current does not pass through the current limiting means in the second state; actuating means 
to switch the current limiting means from tite first state to the second state when current 
through the curr^ swttchmg mieans exceeds a pie-detemiined maximum; second electrical 
connection means between the common point and the ground point havmg an electrical 
30 impedance significantly greater than an electrical Unpedanw of fee first electrical connection 
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means when the currenMimitmg means is in the first state. 
BBIEF DESCRIPTION OF THE DRAWINGS: 

In the figures which illustrate, by way of exatiqjie, erabodimenis of the present 
invention, 

FIGURE 1 is a schematic diagram of a three phase circuit (prior art); 
FIGURE 2 is a schematic diagmm of a three phase chrcoit having a gEunnded 
common pohst (prior art); 

FIGURE 3 is a schematic diagram of a three phase cirwit comprisitig a resistor 
connected between a common point and ground to limit fault cun^nts; and 
FIGURE 4 is a schematic diagram of a three phase circuit and a fault current limiting 
circuit, in accordance with an aspect of the present uivention; 
FIGURE 5 is a schematic diagram of a feult current limittng circuit, in accordance 
wifii another aspect of this invention. 

DETAILED DESCWTION OF'THE PREl^ERRED EMBODmENTS^ 

Figure 1 schematically illustrates the secondary side of a wye-connected poly (three) 
phai^ transfomier 10. Transformer 10 domprises three mductive secondary windings 12, 14 
and 16 connected at one end to a common point 18. The odicr end of each secotjdaiy 
winding 12, 14 and 16 is connected to electricitransraission lines 20, 22^ and 24, each of 
wMch is ultimately connected to an electrical llad 26, 28, and 30 or to a portion of a three 
phase load (not shown). Current return path siz is provided to complete the circuit. 
Alternatively, loads 26, 28 and 30 could be imerconnected in delta configuration, (his 
eliminates the need for letum path 32. Additionally, for safety reasons, loads 26, 28, and 30 
are typically further connected to ground (cora]fection not shown). This ground connection is 
usually a casing connection or the like and under normal operation does not serve as a 



current path to or from each load. 

Figure 2 sdieanattcally illustrates the secoudaty side of a wye-cotmected tbree phase 
transformor 10 as illustrated in Figure I but with conxmon point 18 connected directly to 
5 ground. Each load 26, 28 and 30 is connccttsd between transmission lines 20, 22 and 24 and 
current return path 32, which is effectively grounded* In practice, return path 32 need not 
lead to proximate transformer 10. A return pafli may be provided directly or indhectty by 
grounding the common point of loads 26, 28 and 30. 

10 The confignratiojDi of Figure 2 limits the vohage potential across wmdings 12, 14 and 

16 to the potential of loads 26, 28 and 30, thereby limitmg the effects of overvoltage across 
windings 12, 14 and 16, In normal "balanced*' operation, no current will flow through 

S return path 32. However, in the event that ai^f of the loads suffers a fault, the ground fauh 

^ current provided to such load through conmion point 1^ 

fil Figure 3 illustrates the secondary side of a three phase transfbrmer 10 in wye- 

configuration, ^ ilhistrated in figure 2. However, common point 18 Is connerted to gtonnd 

13 by means of resistive element 34. In normal operation, if the system oon^nrised of the 

JCj circuit of l^gure 3 is "balanced** no current flows through ictom path 32 and resistor 34. 

However, if the system is not perfectly "balanced", imbalances in the system result in ohmic 

i j losses througji resistor 34. '(his configutadon limits, as docs die configuration of figure 2, 
tfie voltage potential across windings 12, 14 aud 16, thereby Ihnit'mg the effects of 
overvoltage across winding 12, 14 and 16 caused by resonant overvoltage of the loads, or by 
electrical mges. in the event that any of the loads suffer a £suilt, the ground fsnxlt current 
25 provided to the load through common point IS is dependent on and limited by the r^istance 
of the ckcuit formed from the fMt to ^und through resistor 34. 

Figure 4, again schematically d^icts the secondary side of a ftree phase transformer 
10. However, common point 18 is connected to ground by means of a fault cotient limithig 
30 cfrcult 36, in accordance with an aspect of tiiis mvtaitiott. Fault current Ihnitmg drcuit 36 
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provides two mumt paths 38, 40 between commott point 18 and ground. Path 38 comprises 
an impedance, such as a resistor 42 connected at one end to groxmd and at the other to the 
conimon point 18 of three phase transformer 10. Pafh 40^ comprise a current limitmg 
device 44 sncli as a fuse or ckcuit breaker, connected in parallel with resistor 42, betweeai 
cotoraon point 18 and ground. The value and nature of the impedance compriised of resistor 
42 is chosen depending on the nature of the system comprised of the circuit of Figure 4. 
Typically, the impedance is a conventional ohmic power re^stor, Ourrent limiting device 
44, may be a current interrupter such as a fuse or circuit breaks or any other device wliicJi 
passes current in a first state and severely inqjcdft* the flow of current in a second state. The 
device 44 switdies from tiie first steUie to the second state when the current through the 
device exceeds some minimum threshold. This minimum threshold is selectable and will 
vary from system to system. 

In operation^ a potential fe applied to the primary windings {not shovra) of the 
transformer 10 of figure 4. This, in turn, induces a potential across the secondaiy windings 
12, 14, 16 of trdnsfonner 10 which m turn produces a current flow in lioes 20, 22, and 24 to 
provide cuirem to loads 26, 28 and 30. Loads 26, 28 and 30 ate connected to return path 32 
so that current supplied by each phase flirough each load 26, 28, and 30 returns fhrou^ path 
32. Ideally, loads 26, 28 and 30 are balanced so that the sum of the currents from each 
phase equals zero. As a result, if the loads are balanced the net current returning through 
loads 26, 28 and 30 through return path 32 is zero. This accordmgly also results in zero net 
current flow firom ground through current liniiting circuit 36 through common point 18- 
Hence the potential of cotnmon point 18, equals ground potential. Similarly, the electric 
potential aaoss and current through resistor 42 and current limiting device 44 is zero. 

Practically, however, loads 26, 28 and 30 are not perfectly balanced. As noted above 
this imbalance may for example be caused by varying demands of the toads, surges or, zero 
phase harmonics. Tlie n^ current xetuming through return path 32 irom loads 26, 28 and 30 
is consequ^aitly non-zero. As such^ absent a connecti<m to ground, node 18 would not be ^ 
ground potential. In the presence of the connection to groui»l through current limiting circuit 


36, in normal operation, path 40 provides a low impedance path from node 18 to ground 
because cnrretu limiting device 44 is in its first state, a near short circuit. Tims, this 
imbalance results in a flow of current through coamion point 18 to or from ground. 


Current limitiag device 44 is farther selected so that it is triggered or activated to 
switch from its first state whereat the device 44 passes current to a second state whereat the 
device 44 limits the flow of current. This trigger point is typically pre-selected, and chosen 
as a fraction of the balanced load current delivered through each winding 12, 14 and 16. 
The trigger point may,|for example, be chosen as 10-15% of the balanced load current to or 
from each load. If current through path 40 exceeds this threshold, this is a fiair indication 
that the current flowing £rom or to ground through common point 18 is actually caused by a 
feiult, rather than a normal operating hnbaiance. 

Accordingly* in the event that the cutrcni through ground point 18 exceeds this 
threshold, current limiting device 44 switches from its first state to the second state. If 
current Umiting device 44 is a fm^^ the fuse blows; if current limiting device 44 is a circuit 
breaker, it is tripped. When current limiting device 44 is in the second state, current flowing 
from ground through common point 18 flows through resistor 42, which now provides a 
current path having a lower impedance than padi 40 from node 18 to ground. 

In the presence of an open circuit in path 40 of fte current limiting circuit, resistor 42 
also limits the current flowmg from ground through common pomt 18, by increasuig the 
nnpedance of the overall fault cireuit. 

Additionally, an sflarm ^stem 48 or other protection systan as shown in Figure 5 
miay be connected in coinnmnication wifli ^ current limiting circuit 36 in order to activate 
an alarm or limit pWer provided to the system. As this current limiting circuit 36 may 
ideally be installed in a previously existing power system whidi was previously directly 
grounded (as shown in Figure 2) at node 18, an alarm system is highly desirable tot 
providing an indication that the system is no longer directly grounded. Alarm system 48 
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comprises current sensor 50 in electrical coimnumcation with controller 52. Sensor 50 
senses the magnitude of the current flowing through path 38, and hence the current through 
resistor 42. If the current sensed by sensor 50 exceeds some minimal threshold, controller 
52 may interpret this as an indication that path 38 is a lower impedance path than path 40, 

5 This wonld indicate that current limiting device 44 has assumed its second state. In 

response, controller 52 may signal the presence of a fault to a further device or devices 
interconnected to controller 52 at outputs 54, 56 and 58. For example^ controller 52 may 
trigger an audible or visual alarm, or otherwise notify an operator of a feult by means of a 
notificaiiDn device (noj; sliown) connected to outputs 52, 54, or 56, Alternatively, controller 

10 52 may be in communication with a computer, or a control system which controls the 

provision of power to/by transformer 10. This computer or controller 52 mijgjit ako control 
loads 26, 28 and 30 and adjust the system to compensate for the fault. If necessary tlie 
detection of an alarm may cause a shutdown of the provision of power to the systrai, thus 
limiting ftnUier flow of fenit current. It will be understood that (he presence of a fanlt need 

15 not be detected by monitoring current through path 38, but may be detected by monitoring 
current through limiting device 44, or simply the state of current limiting device 44- The 
stale of the current limiting device 44 may be sensed directly or indirectly by measruring the 
potential across the device 44, 

20 Once a fault has been detected, the feult should be remedied and current limiting 

device 44 should be returned to its first state by replacing device 44 (for cotaraplc in the case 
of a fuse) or resetting device 44 (in the case of a circuit breaker)* 

A person skill<:4 in the ait will appreciate tfiat numerous modifications to the 
25 described enjbodimcnt arc possible. For example, the desaibed windings are those of the 

secondary of a three phase transformer. These windings could instead be those of generators 
OT a three phase generator. Ix>ads 26, 28 and 30 could be connected in delta configuration. 
Similarly, current limiting device 44 need not be a circuit breafcer or fuse, but may comprise 
a solid-state current interrupting device* 'Hie impedance of path 38 need not result ftom a 
30 resistor but may be result from m inductive or reactive load. Additionally, cnxrcnt limiting 
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device 44 and the impedance of patli 38 need not be contiected directly in paralle! to each 
other. 

It will be imderstood that the invention is not liniited to the tllustratbns described 
herein which are merely illustrative of a preferred embodiment of carrying out the invention, 
and which ate siwcptible to modification of tbnn, size, arrangement of parts and details of 
operation. The invention, rather, is intended to encompass all such modification within its 
spirit and scope, as defined by the ckttns. 
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1 CLAIM: 


1. A fault-current-limiting circuit to be used in combiimtioii with a poly-phase circuit, 
said poly-phase circuit comprismg: 

a plurality of inductive windings; 

each of said windings having a &st terminal connected to a common point; 

1 

at least one of said windingi^ having a second terminal connected to an 
electrical load; 

said fault-current-limiting ctrcnit comprising: 

a first electrical path Ixjtwcen said common point and ground conaprising; 

a current-limiting device having a first state whereat c»rretit passes 
through said device; and a second state whereat current substantially 
does not pass through said device and wherein said device switches 
from said first state to said second state when current through said 
device exceeds a pre-dotermined maxhnum; 

1 

a second electrical path between said common point and ground having an electrical 
resistance significantly greater tlian a resistance of said first path when said device is 
itt said first state. 

2. The fanlt-current-Iimhittg circuit of claim I, wherein said current-limiting device is 
one of a fuse and a circuit breaker. 

3. The £anU-ctttrent-limiting circuit of clahn 2, wherein said one of said fuse said 
circuit breaker is connected to said conuuon point and ground. 


4. The fault-current-liniUmg circuit of claim. 3, wherein said second electrical pafli 
comprises a resistor connected in parallel with said one of said fiise and said circuit breaker. 


5. The fault-^utrent-limiting device as claimed iiLclaim 3, wherein said pre-deteimined 
maximnni current is chosen a pea:cefltege of steady-state load current, 

6. The tault-current-limiting circuit of clahn 4, wherein said poly-phase circuit is a 
flnree-phased chrcuit. 

7. The fauU-cnrrcait-liniitiiig circuit of claim 5, wheretti said pre^etermii^ maximum 
current is at least ten percent of a steady-state load curreat passmg through one of said 
windings. 

8. A fanlt-currcnt-limitittg circuit to be used in combination with a poly-phase circuit, 
smA poly-phase circuit comprising: 

a plurality of inductive wimlings; ■ 

each of said windings haviog a first terminal connected to a common point; 

at least one of said windings having a second temnnal comiected to an 
electrical load; 

said fitultsiurri^liiii^^ 

first electrical connection means between said common point and said ground point; 

said Urst eiectncal connection means comprising 

an actuatable current-limiting means having a first ami second state 


wherein ciirrem passes through said current limiting means m said first 
state and wlierein current does not pass through said current limiting 
means in said second state; 


actuating tneans to swtch said current limiting meam from said first 
state to said second state when cuirent through said current switching 
means exceeds a preHdetemiined tnaximum; 

second electrical connection means betW|»^ said ccmunon point and ground having an 
el^trical impedance significantly greater than an electrical liuqpedance of said first 
electrical councction meam when said current-limiting means is in said first state. 

9. The fanlt-current-limtting circuit of claim 8, wherein said polyphase circuit is a fhree- 

phased circuit. * 

{ 

10. The fault-curtent-Umiting circuit of claim 9, wherein said current limiting means and 
said actuating means comprise one of a fiise and a circuit breaker, 

11. The fault-current-limiting circuit of claim 10, wherein said secoiid electrical connection 
moans comprises a resistor connected to said comiMn point and ground. 

12. The fanlt-curtent-Iiiniting circuit of claim 1 1 , wherein said one of said fuse and said 
circuit breaker is connected in parallel with said resistor. ' 

13. The fault-current-limittng circuit of claim 12 wherean said pwHietermined maximum is 
a current in excess of ten percent of steady-stale cuiieiu through one of said winding. 

14. ITxe fault-current-litniting circuit of claim 1, farther comprising an alami in 
conmiuni<:^tioa witili one of smd first and second path, adafrted to sense when said current 
limitit^ device is in said second state and generate a signal when said current Ifanithig device 


is in said second stale. 


15. The feult-currenWimititig circuit of claim 14. wtein said signal is one of an audible 
and visual signal. 

16. The fautt-current-luniting circuit of clahn 8 fmOiet comprismg an alarm m 
cotnmunication ^th one of said first and second electrical connection means, adapted to 
sense when said current limiting means is in said ^nd state and generate a signal when 
said current Imiiting device is in said second state. 

17. The fenlt-cutrent-limitiog circuit of clahn 16, wherein said signal is one of an audible 
and visual sigoal. 


ABSTRACT: 

A fault current limiting circuit for limiting fault current in a polyphase electric circuit 
is disclosed. The fenlt current Umiling circuit coniprises a first electrical connection means 
for connection between a common or neutral point of tiic polyphase chrcuit and ground; and a 
second electrical connection m^s between the common point and ground. The first 
electrical connection means comprises an actuatable current limitmg means having a first 
Rtate where current will pass thurough the current limiting means, and a second state where 
current will not pass through the current Imritrng means. The first electrical connection 
means furfher comprises an actuating me^s to switch ttie current limiting means from the 
first to file second state when current liirough the current switching means exceeds a pre- 
determined maxnrann percentage of the steady-state load current through the polyphase 

i 

syvHtem. i'he second electrical coimection means comprises an electrical impedance 

i 

sigtuficasfly greater than die impedance of the first electrical connection meaus when the 
current limiting means is in the first state. The chxjuit is pardcularly suitable for use in 

conjunction with a three phase system that is substantially balanced- Thus, in normal 

m 

balanced operation, any current flowing through flie fault current limitmg ckcuit will flow 
dirougji file first electrical connretion means. In the pre^ce of a fanit, any current through 
the.feult-current limiting circuit flows through and is limited by the second eiwtrtcal 
oonneciSon means. %e cunent linnting mi actuating means preferably comprises a fiise or 
circuit breaker v**iich will pass lap a selectable maximum current which may be chosen as a 
percentage of steady-state load current of the three phase sy^cm. 
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